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1
INDUCTOR SYSTEM AND METHOD

This application claims priority to U.S. Provisional Appli-
cation No. 61/783,416, filed on Mar. 14, 2013, and entitled
“Inductor System and Method,” which application is incor-
porated herein by reference.

BACKGROUND

Generally, an inductor is a passive electrical component
that can store energy in a magnetic field created by an electric
current passing through it. An inductor may be constructed as
a coil of conductive material wrapped around a core of dielec-
tric or magnetic material. One parameter of an inductor that
may be measured is the inductor’s ability to store magnetic
energy, also known as the inductor’s inductance. Another
parameter that may be measured is the inductor’s Quality (Q)
factor. The Q factor of an inductor is a measure of the induc-
tor’s efficiency and may be calculated as the ratio of the
inductor’s inductive reactance to the inductor’s resistance at a
given frequency.

Inductors may be utilized in a wide variety of applications.
For example, inductors may be manufactured and used in
mobile devices to receive and filter incoming signals which
may then be passed on for further processing. However,
because mobile devices may be used in different locations,
and these different locations may have different parameters
(e.g., frequency bands) used to communicate, the inductors
are generally designed for use in a particular geographic
region.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present embodi-
ments, and the advantages thereof, reference is now made to
the following descriptions taken in conjunction with the
accompanying drawings, in which:

FIGS. 1A-1D illustrate a first mask used to manufacture
interconnects in accordance with an embodiment;

FIGS. 2A-2D illustrate a second mask used to manufacture
vias in accordance with an embodiment;

FIGS. 3A-3D illustrate a third mask used to manufacture
vias in accordance with an embodiment;

FIGS. 4A-4D illustrate a fourth mask used to manufacture
coils in accordance with an embodiment;

FIGS. 5A-5D illustrate a fifth mask used to manufacture
vias in accordance with an embodiment;

FIGS. 6 A-6D illustrate a sixth mask used to manufacture
vias in accordance with an embodiment;

FIGS. 7A-7D illustrate using the fourth mask with the fifth
mask and the sixth mask in accordance with an embodiment;
and

FIGS. 8 A-8B illustrate using a seventh mask used to manu-
facture interconnects in accordance with an embodiment.

Corresponding numerals and symbols in the different fig-
ures generally refer to corresponding parts unless otherwise
indicated. The figures are drawn to clearly illustrate the rel-
evant aspects of the embodiments and are not necessarily
drawn to scale.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

The making and using of the present embodiments are
discussed in detail below. It should be appreciated, however,
that the embodiments provides many applicable inventive
concepts that can be embodied in a wide variety of specific
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contexts. The specific embodiments discussed are merely
illustrative of specific ways to make and use the embodi-
ments, and do not limit the scope of the embodiments.

The embodiments will be described with respect to
embodiments in a specific context, namely an inductor foruse
in mobile semiconductor devices. The embodiments may also
be applied, however, to other inductors and other processes of
manufacturing.

With reference now to FIGS. 1A-1D, wherein FIGS. 1B,
1C, and 1D illustrate cross sectional views of FIG. 1A along
lines B-B', C-C', and D-D', respectively, there is shown a
portion of a semiconductor die 100 including a semiconduc-
tor substrate 101, active devices 103, intermediate metalliza-
tion layers 105, a first interconnect 109, a second interconnect
111, and a third interconnect 113. The semiconductor sub-
strate 101 may comprise bulk silicon, doped or undoped, or an
active layer of a silicon-on-insulator (SOI) substrate. Gener-
ally, an SOI substrate comprises a layer of a semiconductor
material such as silicon, germanium, silicon germanium,
SO, silicon germanium on insulator (SGOI), or combina-
tions thereof. Other substrates that may be used include multi-
layered substrates, gradient substrates, or hybrid orientation
substrates.

The semiconductor substrate 101 may include the active
devices 103. As one of ordinary skill in the art will recognize,
a wide variety of active devices and passive devices such as
transistors, capacitors, resistors, combinations of these, and
the like may be used to generate the desired structural and
functional requirements of the design for the semiconductor
die 100. The active devices 103 may be formed using any
suitable methods.

The semiconductor substrate 101 may also include inter-
mediate metallization layers 105. The intermediate metalli-
zation layers 105 may be formed over the active devices and
are designed to connect the various active devices to form
functional circuitry. The intermediate metallization layers
105 may be formed of alternating layers of dielectric (e.g.,
low-k dielectric material) and conductive material (e.g., cop-
per) and may be formed through any suitable process (such as
deposition, damascene, dual damascene, etc.).

The first interconnect 109, the second interconnect 111,
and the third interconnect 113 may be formed over the inter-
mediate metallization layers 105. The first interconnect 109,
the second interconnect 111, and the third interconnect 113
may be used to interconnect the various turns or coils of the
first inductor 400 (not illustrated in FIGS. 1A-1D but illus-
trated and discussed below with respect to FIGS. 4A-4D).
The first interconnect 109, the second interconnect 111, and
the third interconnect 113 may comprise a conductive mate-
rial such as aluminum, but other conductive materials, such as
copper, may alternatively be used. The first interconnect 109,
the second interconnect 111, and the third interconnect 113
may be formed using a deposition process, such as sputtering,
to form a layer of material (not shown) and portions of the
layer of material may then be removed through a suitable
process (such as photolithographic masking and etching) to
form the first interconnect 109, the second interconnect 111,
and the third interconnect 113. The first interconnect 109, the
second interconnect 111, and the third interconnect 113 may
be formed to have a thickness of between about 4 um and
about 10 um, such as about 7 pm.

Inan embodiment the photolithographic masking and etch-
ing process utilizes a first mask 115. In an embodiment the
first mask 115 may be, e.g., a photoresist composition which
may be placed on the layer of material for the first intercon-
nect 109, the second interconnect 111, and the third intercon-
nect 113. Once in place, the photoresist composition may be
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patterned into the first mask 115 by exposing the photoresist
composition to a radiation such as light in order to activate
photoactive chemicals that may make up one component of
the photoresist composition. A positive developer or a nega-
tive developer may then be used to remove either the exposed
photoresist (for a negative development) or to remove the
non-exposed photoresist (for a positive development) to form
a patterned photoresist.

However, a photoresist composition is not the only mate-
rial that may be used for the first mask 115. In alternative
embodiments the first mask 115 may be a hard mask made of
a material such as silicon nitride. Such a hard mask may be
formed by chemical vapor deposition and then patterned
using, e.g., a photolithographic technique. Any suitable mate-
rials or processes may be utilized to form the hard mask, and
all such materials and processes are fully intended to be
included within the scope of the embodiments.

Once the first mask 115 has been formed, the first inter-
connect 109, the second interconnect 111, and the third inter-
connect 113 may be constructed by removing exposed por-
tions of the layer of material for the first interconnect 109, the
second interconnect 111, and the third interconnect 113 that
are left exposed by the first mask 115. In an embodiment the
layer of material may be removed using, e.g., an etching
process with the patterned photoresist acting as an etching
mask. However, any suitable process may alternatively be
utilized.

Once the removal of the layer of material has been com-
pleted to form the first interconnect 109, the second intercon-
nect 111, and the third interconnect 113, the first mask 115
may be removed. For example, in an embodiment in which
the first mask 115 is a photoresist, the first mask 115 may be
removed using an ashing process, whereby the temperature of
the photoresist is increased until a thermal decomposition
occurs, allowing the photoresist to be easily removed. How-
ever, any other suitable removal process, such as an etching
process, may alternatively be utilized.

Additionally, while the material and methods discussed are
suitable to form the conductive material, these materials are
merely exemplary. Any other suitable materials, such as tung-
sten, and any other suitable processes of formation, such as
electroplating or CVD, may alternatively be used to form the
first interconnect 109, the second interconnect 111, and the
third interconnect 113. Additionally, the precise placement of
the first interconnect 109, the second interconnect 111, and
the may also be modified, such as by forming the first inter-
connect 109, the second interconnect 111, and the third inter-
connect 113 within the substrate 101 instead of over the
intermediate metallization layers 105.

FIGS. 2A-2D illustrate a formation of a first passivation
layer 202, and a second passivation layer 201, and also illus-
trate a start of a formation process for a first via 203 and a
second via 205, wherein FIGS. 2B, 2C, and 2D illustrate cross
sectional views of FIG. 2A along lines B-B', C-C', and D-D,
respectively. The first passivation layer 202 may be initially
formed over the first interconnect 109, the second intercon-
nect 111, and the third interconnect 113. The first passivation
layer 202 may be made of one or more suitable dielectric
materials such as silicon oxide, silicon nitride, low-k dielec-
trics such as carbon doped oxides, extremely low-k dielec-
trics such as porous carbon doped silicon dioxide, a polymer
such as polyimide, combinations ofthese, or the like. The first
passivation layer 202 may be formed through a process such
as chemical vapor deposition (CVD), although any suitable
process may be utilized, and may have a thickness between
about 0.5 um and about 5 um, such as about 9.25 KA. Once
formed, the first passivation layer 202 may be planarized with
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the first interconnect 109, the second interconnect 111, and
the third interconnect 113 using a planarization process such
as, e.g., a chemical mechanical polishing process.

However, as one of ordinary skill in the art will recognize,
the above described process of forming the first passivation
layer 202, the first interconnect 109, the second interconnect
111, and the third interconnect 113 are merely intended to be
illustrative and are not intended to limit the embodiments.
Any suitable processes or order of process steps, such as
forming the first interconnect 109, the second interconnect
111, and the third interconnect 113 using different methods
from each other, or forming the first passivation layer 202
prior to forming the first interconnect 109, the second inter-
connect 111, and the third interconnect 113, may alternatively
be utilized. All such methods of formation for the first inter-
connect 109, the second interconnect 111, and the third inter-
connect 113 are fully intended to be included within the
embodiments.

The second passivation layer 201 may be formed over the
first interconnect 109, the second interconnect 111, the third
interconnect 113, and the first passivation layer 202. The
second passivation layer 201 may be formed from a polymer
such as polyimide. Alternatively, the second passivation layer
201 may be formed of a material similar to the material used
as the first passivation layer 202, such as silicon oxides,
silicon nitrides, low-k dielectrics, extremely low-k dielec-
trics, combinations of these, and the like. The second passi-
vation layer 201 may be formed to have a thickness between
about 2 um and about 15 pum, such as about 5 um.

After the second passivation layer 201 has been formed, the
first via 203 and the second via 205 may be formed over the
first interconnect 109 in order to allow for an eventual physi-
cal and electrical contact to the first interconnect 109 through
the second passivation layer 201. In an embodiment the first
via 203 and the second via 205 are utilized to provide inter-
connections between a first coil 401 and a second coil 403 of
the first inductor 400 (not illustrated in FIGS. 2A-2D but
illustrated and discussed further below with respect to FIGS.
4A-4D).

The first via 203 and the second via 205 may be formed,
e.g., by first forming openings for the first via 203 and the
second via 205 into the second passivation layer 201 using,
e.g., a two step process that utilizes two suitable photolitho-
graphic masks and etching. In an embodiment the openings
for the first via 203 and the second via 205 may be initiated (as
illustrated by FIGS. 2A-2D) using a second mask 207 along
with an etching process in order to form the shape of a lower
portion of the first via 203 and the second via 205 (the shape
that will come into contact with the first interconnect 109).

The second mask 207 may be similar to the first mask 115
(discussed above with respect to FIGS. 1A-1D). For example,
the second mask 207 may be a photoresist that has been
patterned by exposing and developing a layer of photoresist
composition (not individually illustrated) into the desired
pattern for the first via 203 and the second via 205. However,
the second mask 207 may alternatively be a hard mask such as
silicon nitride. Any suitable masking material and any pro-
cess of patterning the masking material may alternatively be
utilized.

Once the second mask 207 has been placed and patterned,
the pattern of the second mask 207 may be transferred to the
second passivation layer 201. In an embodiment a directional
etching process may be utilized to remove the material of the
second passivation layer 201 while using the second mask
207 as a mask during the etching. As such, only exposed and
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unprotected material is removed, thereby transferring the pat-
tern of the second mask 207 into the second passivation layer
201.

Once the pattern of the second mask 207 has been trans-
ferred to the second passivation layer 201, the second mask
207 may be removed. In an embodiment in which the second
mask 207 is a photoresist, the second mask 207 may be
removed using, e.g., an ashing process, whereby the tempera-
ture of the second mask 207 is increased until a thermal
decomposition occurs, whereby the photoresist may be
removed. However, any other suitable method of removal,
such as an etching process, may alternatively be utilized.

FIGS. 3A-3D illustrate an extension of the lower portions
of'the first via 203 and the second via 205, wherein FIGS. 3B,
3C, and 3D illustrate cross sectional views of FIG. 3A along
lines B-B', C-C', and D-D, respectively. In an embodiment,
once the lower portion of the first via 203 and the second via
205 have been shaped by the second mask 207 and etch, a
third mask 301 and an etching process may be used to extend
the first via 203 and the second via 205 to the first interconnect
109 as well as widen an upper portion of the first via 203 and
the second via 205 where the first via 203 and the second via
205 will come into contact with the turns of the first inductor
400.

The third mask 301 may be similar to the first mask 115
(discussed above with respect to FIGS. 1A-1D and the second
mask 207 (discussed above with respect to FIGS. 2A-2D).
For example, the third mask 301 may be a photoresist that has
been patterned by exposing and developing a layer of photo-
resist composition (not individually illustrated) into the
desired pattern for the upper portions of the first via 203 and
the second via 205. However, the third mask 301 may alter-
natively be a hard mask such as silicon nitride. Any suitable
masking material and any process of patterning the masking
material may alternatively be utilized.

Once the third mask 301 has been placed and patterned, the
pattern of the third mask 301 may be transferred to the second
passivation layer 201. In an embodiment a directional etching
process may be utilized to remove the material of the second
passivation layer 201 while using the third mask 301 as a
mask during the etching. As such, only exposed and unpro-
tected material is removed, thereby transferring the pattern of
the third mask 301 into the second passivation layer 201. This
process forms the widened upper portions of the first via 203
and the second via 205, as well as extending the shape of the
lower portions of the first via 203 and the second via 205
through the second passivation layer 201 in order to expose
the first interconnect 109.

FIG. 4A-4D illustrate a removal of the third mask 301
along with a filling of the openings to form the first via 203
and the second via 205, wherein FIGS. 4B, 4C, and 4D
illustrate cross sectional views of FIG. 4A along lines B-B',
C-C, and D-D', respectively. In an embodiment in which the
third mask 301 is a photoresist, the third mask 301 may be
removed using, e.g., an ashing process, whereby the material
of the third mask 301 is increased until the material of the
third mask 301 thermally decomposes and may be removed.
However, any suitable removal process, such as etching or
applying a suitable solvent, may alternatively be utilized.

After the third mask 301 has been removed, the first via203
and the second via 205 may be formed using a first seed layer
(not shown) and a plating process, such as electrochemical
plating, although other processes of formation, such as sput-
tering, evaporation, or PECVD process, may alternatively be
used depending upon the desired materials. The first via 203
and the second via 205 may comprise copper, but other mate-
rials, such as aluminum or tungsten, may alternatively be
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used. Once the openings for the first via 203 and the second
via 205 have been filled with conductive material, any excess
conductive material outside of the openings for the first via
203 and the second via 205 may be removed, and the first via
203, the second via 205 and the second passivation layer 201
may be planarized using, for example, a chemical mechanical
polishing process.

FIGS. 4A-4D additionally illustrate the formation of a first
coil 401 and a second coil 403 in connection with the first
interconnect 109 through the first via 203 and the second via
205 to form the first inductor 400, along with a third coil 405
unconnected to the second interconnect 111, the third inter-
connect 113, the first coil 401 and the second coil 403. In an
embodiment the first inductor 400 may be a series of conduc-
tive coils, such as the first coil 401 and the second coil 403, in
a plane substantially parallel to the semiconductor substrate
101. The first coil 401 and the second coil 403 may comprise
a conductive material such as copper, although other materi-
als, such as aluminum, may alternatively be used. In an
embodiment, the conductive material for the first coil 401 and
the second coil 403 may be formed by first applying a second
seed layer (not shown) over the second passivation layer 201.

Once the second seed layer has been placed a fourth mask
407 may be formed over the second passivation layer 201 and
the second seed layer. In an embodiment the fourth mask 407
may be similar to the first mask 115 (discussed above with
respect to FIGS. 1A-1D), the second mask 207 (discussed
above with respect to FIGS. 2A-2D), and the third mask 301
(discussed above with respect to FIGS. 3A-3D). For example,
the fourth mask 407 may be a photoresist material that has
been patterned by exposing and developing a layer of photo-
resist material (not individually illustrated) into the desired
pattern for the first coil 401, the second coil 403, and the third
coil 405. However, the fourth mask 407 may alternatively be
a hard mask such as silicon nitride. Any suitable masking
material and any process of patterning the masking material
may alternatively be utilized.

Once the fourth mask 407 is in place, the second seed layer
may then be utilized, for example, in an electroplating process
in order to plate the conductive material over the second seed
layer, thereby forming the first coil 401, the second coil 403,
and the third coil 405 on the second passivation layer 201
within the fourth mask 407. Once formed, the fourth mask
407 and undesired portions of the seed layer (e.g., those
portions of the seed layer that were covered by the photore-
sist) may be removed.

Once the first coil 401, the second coil 403, and the third
coil 405 have been formed, a third passivation layer (not
individually illustrated in order to better illustrate the coils)
may be formed to provide protection to the first coil 401, the
second coil 403, and the third coil 405. In an embodiment the
third passivation layer may be similar to the second passiva-
tion layer 201, such as being a polymer such as polyimide
formed to a thickness of between about 2 pm and about 15 pm,
such as about 5 um. However, any other suitable material may
alternatively be utilized.

In the manufacturing process for the structure illustrated in
FIGS. 1A-4D, a number of photolithographic masks are used
to pattern the various layers that have been deposited or
otherwise placed on the semiconductor substrate 101. In the
particular embodiment illustrated, four masks are utilized to
pattern the various materials, such as the first mask 115 to
pattern the first interconnect 109, the second interconnect
111, and the third interconnect 113; the second mask 207 and
the third mask 301 utilized to pattern the second passivation
layer 201 and shape the first via 203 and the second via 205;
and the fourth mask 407 used to form the first coil 401, the
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second coil 403, and the third coil 405. As such, in this
embodiment four masks are used to form the first inductor
400. As such, for this embodiment, the first inductor 400 is
physically manufactured to have two turns using the manu-
facturing of the first via 203 and the second via 205 to connect
the first coil 401 to the second coil 403. In particular, the first
inductor 400 is manufactured to have two turns by not form-
ing additional vias in connection with the second interconnect
111 and the third interconnect 113. Such a lack of connections
separates the various coils (as illustrated in FIG. 4A), allow-
ing two turns to be utilized by the first inductor 400.

In this embodiment the third coil 405 is disconnected from
the first coil 401 and the second coil 403 and, as such, is not
a functional part of the first inductor 400, thereby keeping the
first inductor 400 as a two turn inductor even though the third
coil 405 is still present physically and manufactured in the
manufacturing process. As such, the third coil 405 may be
used as a guard ring to provide additional protection to the
first coil 401 and the second coil 403 of the first inductor 400.
Alternatively, the third coil 405 may be electrically connected
to the intermediate metallization layers 105 (which connec-
tion is not illustrated) and used as an additional path for
routing signals, power and group around the semiconductor
die 100.

FIGS. SA-5D illustrate a formation of a second inductor
700 (not illustrated in FIGS. 5A-5D but illustrated and dis-
cussed in greater detail below with respect to FIGS. 7A-7D)
that has three turns instead of the two turns illustrated above
with respect to FIGS. 1A-4D, wherein FIGS. 5B, 5C, and 5D
illustrate cross sectional views of FIG. 5A along lines B-B',
C-C, and D-D/, respectively. In this embodiment the first via
203 and the second via 205 are still formed to provide elec-
trical connection to the first interconnect 109. Additionally in
this embodiment, however, a third via 503 and a fourth via
505 are formed to connect to the second interconnect 111 and
a fifth via 507 and a sixth via 509 are formed to connect to the
third interconnect 113.

In order to form the third via 503, the fourth via 505, the
fifth via 507, and the sixth via 509, the second mask 207 and
the third mask 301 (discussed above with respect to FIGS.
2A-2D and 3A-3D, respectively) are replaced with a fifth
mask 501, which is illustrated in FIGS. 5A-5D. In an embodi-
ment the fifth mask 501 may be similar to the first mask 115
(discussed above with respect to FIGS. 1A-1D), the second
mask 207 (discussed above with respect to FIGS. 2A-2D), the
third mask 301 (discussed above with respect to FIGS.
3A-3D), and the fourth mask 407 (discussed above with
respect to FIGS. 4A-4D). For example, the fifth mask 501
may be a photoresist material that has been patterned by
exposing and developing a layer of photoresist composition
(not individually illustrated) into the desired pattern for the
upper portions of the first via 203 and the second via 205.
However, the fitth mask 501 may alternatively be a hard mask
such as silicon nitride. Any suitable masking material and any
process of patterning the masking material may alternatively
be utilized.

However, in addition to being patterned into the desired
pattern to form the upper portions of the first via 203 and the
second via 205, the fifth mask 501 is also patterned to form
upper portions of the third via 503 and the fourth via 505 (as
illustrated in FIG. 5C), and also into the desired pattern for the
upper portions of the fifth via 507 and the sixth via 509 (as
illustrated in FIG. 5D). Once patterned, the same removal
process (e.g., etching) may be utilized to form the upper
portions of the first via 203, the second via 205, the third via
503, the fourth via 505, the fifth via 507, and the sixth via 509
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at the same time, with all of them using the fifth mask 501 as
a mask to protect the remainder of the second passivation
layer 201.

FIGS. 6 A-6D illustrate an extension of the first via 203, the
second via 205, the third via 503, the fourth via 505, the fifth
via 507, and the sixth via 509 using a sixth mask 601, wherein
FIGS. 6B, 6C, and 6D illustrate cross sectional views of FIG.
6A along lines B-B', C-C', and D-D', respectively. In an
embodiment the sixth mask 601 may be similar to the first
mask 115 (discussed above with respect to FIGS. 1A-1D), the
second mask 207 (discussed above with respect to FIGS.
2A-2D), the third mask 301 (discussed above with respect to
FIGS. 3A-3D), the fourth mask 407 (discussed above with
respect to FIGS. 4A-4D), and the fifth mask 501 (discussed
above with respect to FIGS. 5A-5D). For example, the sixth
mask 601 may be a photoresist material that has been pat-
terned by exposing and developing a layer of photoresist
composition (not individually illustrated) into the desired
pattern for the upper portions of the first via 203, the second
via 205, the third via 503, the fourth via 505, the fifth via 507,
and the sixth via 509. However, the sixth mask 601 may
alternatively be a hard mask such as silicon nitride. Any
suitable masking material and any process of patterning the
masking material may alternatively be utilized.

Once the sixth mask 601 has been placed and patterned, the
pattern of the sixth mask 601 may be transferred to the second
passivation layer 201. In an embodiment a directional etching
process may be utilized to remove the material of the second
passivation layer 201 while using the sixth mask 601 as a
mask during the etching. As such, only exposed and unpro-
tected material is removed, thereby transferring the pattern of
the sixth mask 601 into the second passivation layer 201. This
process forms the widened upper portions of the first via 203,
the second via 205, the third via 503, the fourth via 505, the
fifth via 507, and the sixth via 509. Additionally, the process
will also extend the shape of the lower portions of the first via
203, the second via 205, the third via 503, the fourth via 505,
the fifth via 507, and the sixth via 509 through the second
passivation layer 201 in order to expose the first interconnect
109, the second interconnect 111, and the third interconnect
113.

FIGS. 7A-7D illustrate a removal of the sixth mask 601
along with the formation of the first coil 401, the second coil
403, and the third coil 405, wherein FIGS. 7B, 7C, and 7D
illustrate cross sectional views of FIG. 7A along lines B-B',
C-C', and D-D, respectively. In an embodiment in which the
sixth mask 601 is a photoresist, the sixth mask 601 may be
removed using, e.g., an ashing process, whereby the material
of the sixth mask 601 is increased until the material of the
sixth mask 601 thermally decomposes and may be removed.
However, any suitable removal process, such as etching or
applying a suitable solvent, may alternatively be utilized.

Once the sixth mask 601 has been removed, the first coil
401, the second coil 403, and the third coil 405 may be formed
as described above with respect to FIGS. 5A-5D. For
example, in an embodiment a seed layer (not individually
illustrated) may be initially deposited on the second passiva-
tion layer 201, the fourth mask 407 may be applied, and an
electroplating process may be utilized to form the first coil
401, the second coil 403, and the third coil 405 on the seed
layer. Once formed, the fourth mask 407 may be removed
(e.g., by an ashing process), and those portions of the seed
layer that were covered by the fourth mask 407 may be
removed.

However, with the formation of the third via 503, the fourth
via 505, the fifth via 507, and the sixth via 509, the third coil
405, instead of being separated from the first coil 401 and the
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second coil 403, is not operationally connected to the first coil
401 and the second coil 403 through the second interconnect
111 and the third interconnect 113. As such, the second induc-
tor 700 may be manufactured to have a three turn configura-
tion (as illustrated in FIGS. 7A-7D) instead of the two turn
configuration (plus a guard ring) as illustrated in FIGS.
1A-4D.

Additionally, the embodiments discussed herein allow for
the second inductor 700 to be manufactured using redundant
masks from the design of the first inductor 400. In particular,
the second inductor 700 may be manufactured reusing the
first mask 115 (used in the manufacturing of the first inter-
connect 109, the second interconnect 111, and the third inter-
connect 113) and the fourth mask 407 (used in the manufac-
turing of the first coil 401, the second coil 403, and the third
coil 405). Only the masks utilized for the vias (e.g., the first
via 203, the second via 205, the third via 503, the fourth via
505, the fifth via 507, and the sixth via 508) need to be
re-designed and replaced between the manufacturing of the
first inductor 400 and the second inductor 700. By reducing
the number of masks needed, the time and resources of an
additional new tape out (NTO) may be reduced, significantly
reducing the resources necessary to develop the additional
masks and making the overall design and manufacturing pro-
cess more efficient. In this particular embodiment, a reduction
from designing eight masks (four for the first inductor 400
and four for the second inductor 700) to only six masks (four
for the first inductor 400 and only two for the second inductor
700) provides about a 30% savings on the costs of designing
the masks.

Such a reduction in resources and development between
the first inductor 400 and the second inductor 700 becomes
much more critical in the manufacture of inductors for wire-
less communication. In particular, the particular frequencies
used in one geographic region (such as a country) may be
vastly different from the frequencies used in another geo-
graphic region. As such, different inductors are needed in the
design of a mobile device that will be used in one region
versus another region. For a large manufacturer of semicon-
ductor devices that desires to make devices for all regions, the
ability to redundantly reuse at least some of the masks
between designs allows the manufacturer more efficiently
make devices for each region.

FIG. 8A-8B illustrates another embodiment in which the
only mask reused between the first inductor 400 and the
second inductor 700 is the fourth mask 407 (used in the
manufacture of the first coil 401, the second coil 403, and the
third coil 405). In this embodiment the first mask 115 (which
was originally used to manufacture the first interconnect 109
along with the second interconnect 111 and the third inter-
connect 113) is replaced with a seventh mask 801, which is
used to form only the first interconnect 109. As such, the
second interconnect 111 and the third interconnect 113 are
not manufactured during the formation of the first inductor
400 which has only two turns in it.

In this embodiment, when the second inductor 700 is
desired to be manufactured, the fourth mask 407 may be
reused while the first mask 115, the second mask 207, and the
third mask 301 are replaced with, e.g., the seventh mask 801,
the fifth mask 501, and the sixth mask 601, respectively. As
such, the overall cost of development of the new masks may
still be reduced by 12.5%.

In accordance with an embodiment, a method of manufac-
turing semiconductor devices comprising manufacturing a
first inductor using a first mask and a second mask is pro-
vided. A second inductor is manufactured using the first mask
and a third mask but not the second mask.
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In accordance with another embodiment, a method of
manufacturing semiconductor devices comprising manufac-
turing a first inductor is provided. The manufacturing the first
inductor further comprises manufacturing a first coil and a
second coil, and manufacturing a guard ring around the first
coil and the second coil, wherein the guard ring is isolated
from the first coil and the second coil, wherein the first coil,
the second coil, and the guard ring are in a first pattern. A
second inductor is manufactured, wherein the manufacturing
the second inductor further comprises manufacturing a third
coil, a fourth coil and a fifth coil, wherein the third coil, the
fourth coil, and the fifth coil are in the first pattern.

In accordance with yet another embodiment, an inductor
comprising a first coil and a second coil in a first layer and a
guard ring around the first coil and the second coil in the first
layer. A first interconnect connects the first coil and the sec-
ond coil in a second layer, and a second interconnect is in the
second layer, the second interconnect extending below both
the second coil and the guard ring, but being electrically
isolated from the second coil and the guard ring.

Although the embodiments and their advantages have been
described in detail, it should be understood that various
changes, substitutions and alterations can be made herein
without departing from the spirit and scope of the embodi-
ments as defined by the appended claims. For example, the
sizes and shapes of the interconnects may be changed as well
as the overall size of the inductor may be changed.

Moreover, the scope of the present application is not
intended to be limited to the particular embodiments of the
process, machine, manufacture, composition of matter,
means, methods and steps described in the specification. As
one of ordinary skill in the art will readily appreciate from the
disclosure of the embodiments, processes, machines, manu-
facture, compositions of matter, means, methods, or steps,
presently existing or later to be developed, that perform sub-
stantially the same function or achieve substantially the same
result as the corresponding embodiments described herein
may be utilized according to the embodiments. Accordingly,
the appended claims are intended to include within their
scope such processes, machines, manufacture, compositions
of matter, means, methods, or steps.

What is claimed is:

1. A method of manufacturing semiconductor devices, the
method comprising;

manufacturing a first inductor using a first mask and a

second mask, wherein the first inductor is manufactured
in a first semiconductor device; and

manufacturing a second inductor using the first mask and a

third mask but not the second mask, wherein the second
inductor is manufactured in a second semiconductor
device different from the first semiconductor device.

2. The method of claim 1, wherein the first mask comprises
an interconnect mask.

3. The method of claim 1, wherein the second mask com-
prises an interconnect mask.

4. The method of claim 1, wherein the first mask is a mask
to pattern turns of the inductor.

5. The method of claim 4, wherein the second mask is a
mask for vias and the third mask is a mask for vias.

6. The method of claim 1, wherein the manufacturing the
first inductor comprises manufacturing a two turn inductor
and wherein the manufacturing the second inductor com-
prises manufacturing a three turn inductor.

7. The method of claim 6, wherein the two turn inductor
further comprises a guard ring and the three turn inductor
does not comprise a guard ring.
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8. A method of manufacturing semiconductor devices, the
method comprising:
manufacturing a first inductor, wherein the manufacturing
the first inductor further comprises:
manufacturing a first coil and a second coil; and
manufacturing a guard ring around the first coil and the
second coil, wherein the guard ring is isolated from
the first coil and the second coil, wherein the first coil,
the second coil, and the guard ring are in a first pattern;
and
manufacturing a second inductor, wherein the manufactur-
ing the second inductor further comprises manufactur-
ing a third coil, a fourth coil and a fifth coil, wherein the
third coil, the fourth coil, and the fifth coil are in the first
pattern.
9. The method of claim 8, wherein the manufacturing the
first inductor further comprises manufacturing a single inter-
connect in a third pattern, and wherein the manufacturing the
second inductor further comprises manufacturing a second
plurality of interconnects in a fourth pattern different from the
third pattern.
10. The method of claim 8, wherein the manufacturing the
first inductor further comprises manufacturing a plurality of
interconnects in a third pattern, and wherein the manufactur-
ing the second inductor further comprises manufacturing a
second plurality of interconnects in the third pattern.
11. The method of claim 10, wherein at least one of the
plurality of interconnects in the third pattern is beneath the
guard ring but isolated from the guard ring.
12. The method of claim 8, wherein the manufacturing the
first coil, the second coil, and the guard ring are formed using
a first mask, and wherein the manufacturing the third coil, the
fourth coil, and the fifth coil are manufactured using the first
mask.
13. The method of claim 8, further comprising:
manufacturing a first set of vias in connection with the first
coil and the second coil in the first inductor without
manufacturing vias in connection with the guard ring;

manufacturing a second set of vias in connection with the
third coil and the fourth coil in the second inductor, the
second set of vias having a same pattern as the first set of
vias; and

manufacturing a third set of vias in connection with the

fifth coil, the manufacturing the third set of vias being
performed using the same processing steps as the manu-
facturing the second set of vias.
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14. The method of claim 8, wherein the first inductor is
manufactured with a first mask, a second mask, a third mask,
and a fourth mask, and wherein the second inductor is manu-
factured using the first mask, the fourth mask, a fifth mask
different from the second mask and the third mask and a sixth
mask different from the second mask and the third mask.

15. The method of claim 8, wherein the first inductor is
manufactured with a first mask; a second mask; a third mask;
and a fourth mask, and wherein the second inductor is manu-
factured with the fourth mask; a fifth mask different from the
first mask, the second mask, and the third mask; a sixth mask
different from the first mask, the second mask, and the third
mask; and a seventh mask different from the first mask, the
second mask, and the third mask.

16. A method of manufacturing semiconductor devices, the
method comprising:

manufacturing a first inductor, wherein the manufacturing

the first inductor further comprises:

using a first pattern to manufacture a first coil of the first
inductor; and

using a second pattern to manufacture a first via of the
first inductor;

manufacturing a second inductor on a separate substrate

from the first inductor, wherein the manufacturing the

second inductor further comprises:

using the first pattern to manufacture a second coil ofthe
second inductor; and

using a third pattern different from the second pattern to
manufacture a second via of the second inductor.

17. The method of claim 16, wherein the manufacturing the
first inductor comprises manufacturing a two turn inductor
and wherein the manufacturing the second inductor com-
prises manufacturing a three turn inductor.

18. The method of claim 17, wherein the two turn inductor
further comprises a guard ring and the three turn inductor
does not comprise a guard ring.

19. The method of claim 16, wherein the using the first
pattern to manufacture the first coil further comprises:

applying a seed layer; and

electroplating a conductive material onto the seed layer.

20. The method of claim 16, wherein the using the third
pattern different from the second pattern to manufacture a
second via of the second inductor further comprises forming
a third via of the second inductor.
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